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ABSTRACT 
Potential New Method: A Comparability Study 
of m-Coliblue24 and m-Endo LES for the 
Verified Recoveries of Total Coliforms and E. coli 
Kevin Robert Goetz, M.S. 
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DirectorofThesis: /e2 ~// ~ 
Maintaining a high level of water quality is extremely important in the 
prevention of waterborne disease outbreaks. The need for a rapid and specific 
membrane filtration (MF) method to simultaneously detect total coliform and E. coli 
bacteria in water has been the primary goal of companies involved in improving MF 
technology. HACH Company has developed a membrane filtration medium that 
simultaneously detects and enumerates total coliforms and E. coli based on their 
enzymatic activities. The total coliform (red and blue colonies) and E. coli (blue 
colonies) recovery rates on m-Coliblue24 were compared with those ofm-Endo LES 
agar and two E. coli media, mFC broth and nutrient agar supplemented with 4-
methylumbelliferyl-~-D-glucuronide (MUG), using primary settled sewage from ten 
wastewater treatment processing plants throughout the United States. Comparisons 
between the media were made prior to and after stressing the bacteria by chlorination. 
The mean recovery ratio for total coliforms, prior to stressing, for m-Coliblue24/m-
Endo was 1.35 (t= -0.57, p=0.58) indicating that m-Coliblue recovered more 
organisms. However, this ratio was 0.87 (t=0.13, p=0.90) following chlorination. 
Mean recovery ratios for E. coli on m-Coliblue24/mFC was 1.27 (t= -0.51, p=0.62) 
and 1.11 (t= -0.56, p=0.58) for m-Coliblue24/NA-MUG prior to chlorination. 
Following chlorination of samples, the recovery ratio of E. coli for m-
Coliblue24/mFC was 1.23 (t= -0.57, p=0.58) while m-Coliblue/NA-MUG exhibited a 
ratio of 0.75 (t= -0.71, p=0.49). Following the USEPA Protocol for Alternate Test 
Procedures, four dilutions were prepared for each chlorinated sample from each of the 
ten sites with each dilution filtered twenty times (100 mL each) form-Endo agar and 
m-Coliblue24 broth. Confirmed recovery rates indicated that m-Coliblue24 recovered 
94% of total coliforms and m-Endo recovered 93% (t= -0.21, p=0.84). The 
verification rates of E. coli on m-Endo and m-Coliblue24 were 84% and 76% 
respectively (t=l.04, p=0.32). The false positive error (FPE) for total coliforms on 
m-Endo was 1 % and 6% on m-Coliblue24. However, after correction for anaerogenic 
strains, the FPE for total coliforms on m-Coliblue24 decreased to 2%. The FPE for E. 
coli on m-Coliblue24 was 17%, but the FPE lowered to 11 % after correcting for E. 
coli strains that did not fluoresce in EC/MUG medium. There were no statistical 
significant differences in the recovery or verification rates between any of the media. 
M-Coliblue24 performed as well as m-Endo in the isolation of total coliforms and E. 
coli, and decreased background growth of non-coliform organisms that are 
consistently observed on m-Endo. M-Coliblue24 is a more rapid test than m-Endo 
ii 
since it does not require additional verification media, multiple incubation times, 
temperatures, or additional manipulation. 
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The relationship between water quality and public health has been well 
established for centuries. However, not until the late 1800's were significant efforts 
made to reduce diseases of microbial origin such as severe outbreaks of typhoid and 
cholera. In the twentieth century, maintaining high levels of water quality is of the 
utmost importance. Waterborne diseases caused by microbes remain a problem. 
For 1993-1994, 17 states and one territory reported 30 disease outbreaks 
associated with drinking water. The outbreaks affected an estimated 405,366 people. 
The causative etiological agent for 25 of these outbreaks was determined. Of these 25 
outbreaks, ten were caused by Giardia Zambia or Cryptosporidium parvum, two by 
Shigella spp., and one each by non-01 Vibrio cholerae and Salmonella serotype 
Typhimurium (Tables 2.1, 2.2). All of these pathogens are transmitted via the fecal-
oral route. Twenty of the 30 outbreaks were associated with well water (Kramer et 
al., 1996). In order to reduce such outbreaks from occurring, more advanced 
methods are being developed everyday in laboratories across the country to provide 
the most accurate and rapid water testing techniques. 
As seen above, bacteria are not the only causative agents of gastrointestinal 
illness resulting from ingestion of water contaminated with feces. However, the 
detection of the parasitic protozoans G. lamb Zia and C. parvum is extremely laborious 
and bacteria remain the most efficient means of detecting possible contamination of 
water by human and animal waste. Many bacteria inhabit the digestive tract of 
mammals, but members of the total coliforms group are the most numerous and 
therefore are utilized as indicators of fecal contamination. Detection of total 
coliforms in a water sample does not necessarily indicate fecal contamination since 
these bacteria also exist as saprophytes. However, Escherichia coli (E. coli), is the 
most commonly isolated coliform from human and animal stool samples and thus is 
termed the primary fecal coliform. The United States Environmental Protection 
Agency (USEPA) mandated in The Final Coliform Rule (Federal Register, 1989) that 
any routine examination of water that is positive for total coliforms must also be 
tested for the presence of E coli. The USEP A has set forth a maximum number of 
zero for total coliforms and E. coli in drinking water. 
Need For The Study: 
Currently, efforts are being made to improve techniques for coliform analysis 
of drinking water, whether they be by membrane filtration, presence-absence, or the 
multiple tube fermentation tests. The goal is to develop tests which render more 
information in less time without the need of further manipulation. A trend in the 
development of membrane filtration is the allowance for the detection of total 
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coliform and E. coli in one single incubation step. These media are designed as 
primary isolation media which allow distinction between total coliforms and E. coli 
without transfer of filters to additional media or the use of multiple incubation 
temperatures. Media designed to detect total coliforms and E. coli simultaneously 
would speed compliance with the USEP A regulations that require resampling and 
analysis of a drinking water sample found positive for total coliforms. Traditional 
media, such as the standard total coliform medium, m-Endo Les (m-Endo), require 
the isolation of total coliforms followed by the verification of these colonies as being 
total coliforms and E. coli. These media require additional verification media, 
multiple incubation times, and a longer processing time. 
Several membrane filtration media which have been developed for the purpose 
of simultaneous detection of total coliforms and E. coli contain substrates that 
fluoresce after hydrolysis of the substrate by the target organism. An example is 
MUG-AL and IBDG medium (MI) developed by Brenner, et al. (1993). However, 
this medium requires additional manipulation with a UV light and detection of 
fluorescing colonies is sometimes difficult to interpret. This may result in the 
reporting of false-positives and false-negatives. The HACH Company has developed 
a membrane filtration media, m-Coliblue24 which contains two chromogenic 
substrates for the simultaneous detection of total coliforms and E. coli. After 
filtration of the water sample and 24 hours of incubation at 35 °C, non-E. coli total 
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coliforms colonies are red, while E. coli colonies appear blue. 
Objectives of the Study: 
The purpose of the study was to determine if the proposed membrane filtration 
medium, m-Coliblue24 was comparable to a Standard Methods for the Examination 
of Water and Wastewater medium (m-Endo Les) for the recovery of both total 
coliforms and E. coli. The performance of this media was evaluated using an 
alternate test protocol which utilized a presence/absence procedure mandated by the 




Fecal contamination of drinking water has been a serious health concern for 
the world for hundreds of years. In the past, the problem has been more detrimental 
to third world countries. Individuals with weak immune systems, such as infants and 
the elderly, are at risk of disease after ingestion of fecal contaminated water. Each 
year, millions of young children acquire rotavirus which is transmitted via the fecal-
oral route. This virus causes both morbidity and in some cases mortality in these 
infants (Ho et al., 1988). Also, with the AIDS epidemic that has spread quickly 
throughout the world, many more people are at risk of disease leading to death from 
the ingestion of water contaminated with feces. Waterborne pathogens which 
normally would cause asymptomatic to mild infections in healthy people, can cause 
serious disease or death in those with deficient immune systems. 
There were thirty outbreaks during 1993-1994 in the United States associated 
with water intended for drinking; 18 outbreaks in 1993 and 12 in 1994 (Tables 2.1, 
2.2, 2.3). The outbreaks caused an estimated 405,366 people to become ill. An 
estimated 4,442 people were hospitalized; 4419 had cryptosporidiosis, 22 had 
bacterial gastroenteritis, and one had acute gastrointestinal illness of unknown 
etiology. Seven people who had Salmonella serotype Typhimurium infections died, 
as did an unknown number of people who had cryptosporidiosis (Kramer et al., 
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1996). These are just a few of the examples to illustrate the need for extremely 
efficient methods for the rapid detection of fecal contaminated water by laboratory 
analysts. 
I St f ~,·· •· Etib1flgfbal Agent .. ~/',/umber of· . So1iii:e . $.etungt . a e.·., • ..: ,, , , ,,., ,, 
":"w ~ .. !'~ , ' . Cases " 'l( .. '" ' . . J . ' 
Arizona Lead 1 Water Storage Private home 
Tank 
Arizona Lead 1 Water Storage Private home 
Tank 
California Lead 1 Water Storage Private home 
Tank 
Hawaii Fluoride 9 Well Community 
Indiana Nitrate 3 Well Private homes 
Minnesota Cryptosporidium parvum 27 Lake Resort 
Minnesota Campy/obacter jejuni 32 Well Resort 
Missouri Salmonella serotype 625 Well Community 
Typhimurium 
Mississippi Fluoride 34 Well Community 
Nevada C.parvum 103 Lake Community 
New York C.jejuni 172 Well Subdivision 
Pennsylvania Giardia lamblia 20 Well Trailer park 
Pennsylvania AGI* 65 Well Ski resort 
Pennsylvania Copper 43 Reservoir Hotel 
South Dakota G. lamblia 7 Well Subdivision 
South Dakota AGI 40 Well Resort 
Washington C.parvum 7 Well Private home 
Wisconsin C.parvum 403,000 Lake Community 
• AGI -Acute gastromtestmal illness of unknown et1ology 
Table 2.1: Outbreaks Associated with Water Intended for Drinking: 
United States, 1993 (N=18); (JournalAWWA, 1996) 
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Northern Maiana Non-01 Vibrio cholerae 11 Wells 
Islands 
Idaho Shigel/a flexneri 33 Well Private homes 
Indiana Nitrate 1 Well Private home 
Indiana AGI* 118 Well Restaurant 
Maine AGI 72 Well Camp 
Minnesota Campy/obacter jejuni 19 Well Park 
New Hampshire Giardia lamblia 18 Reservoir Community 
New Hampshire Giardia lamblia 36 Lake Community 
New York Shigel/a sonnei 230 Well Camp 
Pennsylvania AGI 200 Well Resort 
Tennessee Giardia lamblia 304 Reservoir Correct. facility 
Washington Cyptosporidium 134 Well Community 
parvum 
* AGI -Acute gastrointestinal illness of unknown etiology 
Table 2.2: Outbreaks Associated with Water Intended for Drinking: 
United States, 1994 (N=12); (JournalAWWA, 1996) 
F;.(ig}~@lc:al.Agenf_jfi, ·W~ter $y?tij,:n •· · ;:i.wa"ter Souree;·11Ji•m:::, · _, :.c,,- .. , -- . . , - - /\,1#H,;;-. 
Chemical 26.7% Community 46.7% Well 66.7% 
Parasitic 33.3% Noncommunity 30.0% Surface Water 23.3% 
Bacterial 23.3 Individual 23.3% Other 10.0% 
Unknown 
Table 2.3: Summary of Outbreaks Associated with Water Intended 
for Drinking: United States, 1993-1994 (N=30); (JournalAWWA, 1996) 
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An essential part of the process of providing safe drinking water is the 
monitoring of water before, during, and after treatment for the presence of potential 
microbial pathogens. However, these pathogens (e.g., Salmonella and Shigella) 
which originate in the mammalian gut are often difficult to isolate from water. This is 
because they are present in low numbers in feces ( and consequently fecal 
contaminated water) and are susceptible to thermal and chlorine injury. Therefore, 
they are tested for indirectly by determining if so-called "sentinel" bacteria, the total 
coliforms, are present in water. These bacteria are present in high number in feces, 
are heartier than Salmonella and Shigella, and are more easily isolated from 
contaminated water (Stratman, 1988). Total coliforms consist of several genera of 
bacteria belonging to the family Enterobacteriaceae. Bacteria are placed in this 
family due to their ability to ferment lactose. This group is defined as all facultative 
anaerobic, gram-negative, non-spore-forming, rod-shaped bacteria that ferment 
lactose with gas and acid formation within 48 hours at 35 °C. The four most common 
genera of total coliforms are: Escherichia, Klebsiella, Citrobacter, and Enterobacter. 
However, the presence of an organism from the four common genera does not 
necessarily indicate fecal contamination because these organisms also exist as 
saprophytes. Since the turn of the century, one organism, Escherichia coli (E. coll), 
has been used as the primary indicator of fecal contamination. Consequently, E. coli 
has been termed the primary fecal coliform. 
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Drinking water regulations under the final coliform rule (Federal Register, 
1989) states that any routine examination of drinking water which results in a positive 
test for total coliforms must also be examined for the presence of E. coli. The United 
States Environmental Protection Agency has set forth a maximum number of zero for 
total and fecal coliforms or E. coli in drinking water. 
Substrates Utilized for Detection of Total Coliforms and E. coli: 
The various types of media utilized to test water are selective media which 
allow the growth of the target organisms (total and fecal coliforms and E. coli) while 
suppressing the growth of heterotrophic nontarget bacteria. The use of an assortment 
of antibiotics is a common tool for this goal of suppressing the unwanted bacteria. 
New techniques are geared toward developing media which allow the rapid detection 
and differentiation between the normal total coliforms, fecal coliforms, and E. coli. 
Some strains of Klebsiella pneumoniae and Enterobacter cloaca are examples of 
fecal coliforms. Although E. coli has been designated as the primary fecal coliform, 
the USEP A considers fecal coliforms to be in a separate group from E. coli. The 
media used to make these distinctions is based on the utilization of chromogenic and 
fluorogenic substrates for detection of the activity of certain enzymes. 
Selective media developed to differentiate between total coliforms and E. coli 
is termed defined substrate technology (DST) media. There are two enzymes which 
are commonly utitilized for DST media. They are ~-o-galactosidase (GAL) which is 
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normally expressed in all total coliforms and ~-D-glucuronidase (GUR) which is 
primarily expressed in E. coli. The noncoliform bacteria are suppressed and cannot 
metabolize the indicator nutrients incorporated into the media which are acted upon 
by these enzymes. 
B-d-galactosidase (GAL): 
GAL, also called lactase, catalyzes the breakdown of lactose into galactose 
and glucose and has therefore been used mostly for enumerating the total coliform 
group of bacteria (Manafi et al., 1991). The activity of GAL was determined by using 
the chromogenic substrates, o-nitrophenyl-~-D-galactopyranoside (ONPG), and the 
fluorogenic substrate, 4-methyl-umbelliferyl-~-D-galactopyranoside (MUG-AL). 
Total coliforms hydrolyze ONPG and produce a yellow chromogen (Figure 2.1). This 
substrate can only be used in the liquid media because there is a tendency for the 
chromogenic nitrophenolic substrates to diffuse through the solid media (Edberg et 
al., 1991). Hydrolyzation of MUG-AL produces fluorescence when viewed with a 
long wave UV lamp (Figure 2.1 ). 
B-o-Glucuronidase (GUR): 
GUR catalyzes the hydrolysis of ~-D-glucopyranosiduronic derivatives into 
their corresponding aglycons and D-glucuronic acid and is present in 90% or more of 
E. coli isolates from a variety of sources. The sources include lakes, rivers, creeks, 
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sewages, springs, and lagoons (Shadix & Rice, 1991 ). These results were in sharp 
contrast to a study conducted by Chang et al., (1989) which cited only a 66% positive 
GUR activity for E. coli from non-clinical stool samples. However, the work by 
Chang et al. was conducted at 37.5°C while the studies by Shadix and Rice were 
performed at 44.5°C. One characteristic of E. coli is its ability to grow while 
incubated at 44.5 °c. 
(GAL) 
ONPG ➔➔➔ Yellow Chromogen 
(GAL) 
MUG-AL-+➔➔ 4-MU (Fluorescence) 
Figure 2.1: Substrates Commonly Used To 
Detect p-galactosidase in Total Coliforms 
Another study by Rice et al. (1991) examined other species of the genus 
Escherichia for the presence of GUR. Analysis of a variety of organisms that were 
previously isolated from both enviromnental and clinical sources showed that no 
other organism in the genus Escherichia possessed this enzyme. This is important 
because only E. coli is routinely isolated from stool specimans and the presence of 
GUR in organisms other than E. coli would yield false-positive results in media 
which utilize the action of this enzyme. 
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Detection of 13-D-Glucuronidase Activity With MUG: 
The most commonly used substance incorporated into defined substrate 
technology for the detection of GUR is 4-methylumbelliferyl-~-D-glucuronide 
(MUG). This compound is hydrolyzed by GUR, yielding 4-MU (Figure 2.2), which 
exhibits blue fluorescence when excited with long wave UV light at the excitation 
wavelength of 365nm (Manafi et al., 1991). Several testing procedures have been 
proposed for identification and enumeration of E. coli based on GUR production 
which include: most-probable-number, presence-absence test, and membrane 
filtration using both broth E. coli/MUG (EC/MUG) and nutrient agar media 
(NA/MUG). The fluorescence of 4-MU is pH dependent (Goodwin & Kavanagh, 
1950), therefore, the pH of the media containing MUG should be neutral or slightly 
alkaline to enhance the fluorescence. 
(GUR) 
MUG ➔➔➔ 4-MU (Fluorescence,E. coll) 
Figure 2.2: Detection of ~-glucuronidase in E. coli 
With the Fluorogenic Substrate MUG 
MUG can be incorporated with other medium ingredients and sterilized 
without loss of activity or inhibition of E. coli growth (Moberg, 1985). This 
characteristic enhances the practicality of using media which contain the MUG 
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substrate. There have been numerous testing procedures developed using MUG, 
which encompass the multiple tube fermentation, presence-absence, and the 
membrane filtration techniques. Some Pseudomonas strains produce a pigment that 
exhibits a dull greenish fluorescence under long-wave radiation. However, this 
fluorescence is minimal compared to that produced by 4-MU and is difficult to detect 
visually (Manafi et al., 1991). Detection of fluorescence is enhanced with the use of a 
dark room or a dark box to exclude the interference of any incident light. 
Early tests utilizing MUG were peformed by Feng and Hartman (1982). 
MUG was added to lauryl tryptose broth in multiple fermentation tubes (MTF). The 
presence of gas in lauryl tryptose broth indicated the presence of a total coliform due 
to the fermentation of the lactose contained within the broth while fluorescence 
indicated the presence of E. coli. Results from a variety of food, water, and milk 
samples that were positive for both gas production and fluorescence showed over 
90% of these were actually E. coli yielding a very good specificity rate. The 
researchers showed that low numbers of E. coli could be detected among larger 
numbers of competing bacteria. This fluorogenic assay was so sensitive and rapid 
that one viable cell was detected within 20 hours. 
The current tube media used for the detection of E. coli in drinking water is 
the EC Medium with MUG Tube (EC/MUG). This method is utilized to verify the 
presence of E. coli in positive presumptive total coliforms isolates from the multiple 
tube fermentation, presence-absence, and the membrane filtration procedures. The 
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detection limit of this medium has been shown to be one microorganism per 100 mL. 
Green metallic sheen colonies on m-Endo agar (presumptive total coliform isolates) 
or positive tubes with gas production in lauryl tryptose broth are used to inoculate the 
EC/MUG tubes. The EC/MUG tubes are incubated for 24 hours at 44.5°C and 
examined for bright blue fluoresence with a long wave UV lamp (366 nm) which 
indicates the presence of E. coli (USEP A, 1991 ). It must be ensured that weak 
autofluorescence of the media is not misinterpreted as positive for E. coli. Another 
disadvantage with this medium is that certain brands of test tubes can autofluoresce 
under UV light and this can lead to false-positive interpretation. In order to combat 
these problems, a MUG-positive E. coli and MUG-negative (e.g., uninoculated) 
controls are necessary for each analysis (USEP A, 1991 ). 
Another selective media developed for the detection of E. coli incorporates the 
MUG substrate into an agar based medium, called nutrient agar-MUG (NA-MUG). 
The detection limit of this procedure is also one E. coli per I 00 mL (USEPA, 1991 ). 
A study by Shadix and Rice (1993) utilized a two-step method to determine the 
efficacy of NA-MUG. Water samples from a variety of environmental sources were 
passed through membrane filters and then the filters were transferred to m-Endo Les 
agar and incubated at 35°C for 24 hours. The m-Endo Les agar is a selective media 
used for the initial screening of water for the presence of total coliforms. Total 
coliforms produce green metallic sheen colonies on this medium while nontarget 
organisms are either suppressed or produce light pink colonies. Desoxycholate and 
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lauryl sulfate inhibit gram-positive organisms. In the study, m-Endo membranes 
containing total coliform colonies were then transferred to NA-MUG and incubated 
for an additional four hours at 35°C. NA-MUG gave a 96% positivity rate following 
the identification of the fluorescent colonies on the agar. This media was also able to 
detect injured E. coli after they were treated with chlorine. NA-MUG has been 
accepted by the USEP A as one of the standard media for the confirmation of the 
presence of E. coli. 
Methods for Monitoring Drinking Water: 
There are three common methods which are employed for the recovery of 
coliform species from drinking water as well as untreated surface water and 
wastewater. These methods are the multiple tube fermentation (MTF, also called the 
most-probable number technique), the presence-absence method (P-A), and the 
membrane filtration (MF) technique. 
Multiple Tube Fermentation Technique (MTF): 
In the MTF method, the actual water to be tested is added directly or in 
diluted form to a series of test tubes which contain lauryl tryptose broth (L TB). A 
minimum of 100 mL of water must be tested. Laury! tryptose broth is a total coliform 
verification medium which has lactose as its primary ingredient. The fermentation of 
lactose is detected by the presence of a gas bubble located inside an inverted tube 
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(Durham tube) that is located inside the L TB tube. The addition of the water puts the 
lauryl tryptose broth in solution and then the test tubes are incubated at 35°C for 24 
and 48 hours. The production of gas indicates a positive reaction. All 24 and 48 hr. 
positive tubes must be confirmed with brilliant green lactose bile broth (BGBLB; 
Federal Register, 1992). BGBLB is a confirmatory test for the presence of total 
coliforms and its primary ingredient is also lactose. The brilliant green dye and bile 
in this medium are the selective agents for the gram-negative bacilli coliforms (Difeo 
Manual, 1984). As mandated in the Final Coliform Rule (Federal Register, 1989), all 
positive tubes must be tested for the presence of E. coli with EC/ MUG. Using the 
results of the confirmatory tests (BGBLB and EC/MUG), results are reported in 
terms of the Most Probable Number (MPN) of organisms present. This number, 
based on certain probability formulas, is an estimate of the mean density of coliforms 
in the sample (Standard Methods, 1995). The tum-around time for this multiple tube 
fermentation technique can extend up to 96 hrs. 
Presence-Absence Technique {P-A): 
The presence-absence technique is a simple modification of the multiple-tube 
procedure. In the P-A, 100 mL of the water to be tested is added to a single P-A 
culture bottle which contains lactose broth, and the whole culture bottle is incubated 
at 35°C. The bottle is observed for a yellow color after 24 and 48 hrs. Fermentation 
oflactose causes acidic conditions in the broth which results in the yellow color. All 
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yellow cultures are confirmed in BGBLB broth. All positive BGBLB cultures must 
be tested for E. coli with EC/MUG. This method gives qualitative information on 
the presence or absence of coliforms in a drinking water sample (Federal Register, 
1989). Advantages include the ability to examine a larger number of samples per unit 
of time. Comparative studies with the membrane filter procedure indicate that the P-
A test may maximize coliform detection in samples containing many organisms that 
could overgrow coliform colonies and cause problems in detection (Standard 
Methods, 1995). 
Of particular interest in water testing media is the sirnultanous detection of 
both total coliforms and E. coli in one incubation step. Several media have been 
designed with this goal in mind in the past six years. Such media would allow rapid 
testing of water samples without the need for additional tests or multiple incubation 
temperatures. 
With these goals in mind, two companies developed media that operate in 
either the MTF or the P-A format. Access Analytical and HACH Co. made rapid 
coliform detection systems named Colilert and Coliquik, respectively. However, only 
Colilert was USEPA-approved to simultaneously detect total coliforms and E. coli 
and, therefore, is the only one of the two available for use by water testing 
laboratories. Both of these products incorporate MUG and ONPG into their 
ingredients. The production of a yellow color by the hydrolysis of ONPG indicates 
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the presence of total coliforms while fluorescence from MUG hydrolysis indicates E. 
coli when incubated at 35°C (Figures 2.1, 2.2). 
One of the first studies examining the efficiency of these media was conducted 
by Olson, et al. (1989). The Colilert and Coliquik systems were compared in a P-A 
format against the EPA's Standard Methods membrane filtration technique (using m-
Endo Les agar) to determine whether differences existed in total coliform detection. 
The agreement between each of the two media and the USEP A membrane filtration 
medium were both greater than 94.8%. Disagreement between Colilert and Coliquik 
was primarily due to false-negative results. Additionally, laboratory and field 
inoculation methods were compared for Colilert, and more than 98% agreement was 
obtained. This indicated that sampling and immediate field inoculation could be an 
alternative to the traditional laboratory inoculations. However, a study performed by 
Covert, et al. (1989) examining the testing qualities of Colilert found a significant 
difference between the sensitivity of Colilert and the Standard Methods multiple-tube 
fermentation technique (using lauryl tryptose broth and brilliant green lactose bile 
broth), with the Standard Methods technique being more sensitive. In this study, a 
total of 582 confirmed sample tubes were positive by the multiple-tube fermentation 
technique, while only 533 were positive by Colilert. However, there were no 
statistical significant differences between the precision of these two methods for the 
detection of total coliforms. 
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A subsequent study by Covert, et al. (1992) examined the ability of Coliquik 
and Colilert to detect E. coli in water samples. These media were compared with the 
Standard Methods EC/MUG medium. Covert, et al. found that Colilert was able to 
detect E. coli at levels comparable to EC/MUG. On the other hand, there were 
significant differences in detection of E. coli between the Coliquik test and EC/MUG 
in the free-chlorine-exposed pure culture studies. In the free-chlorine studies, 
EC/MUG detected E. coli in 72 tubes from eight samples while Coliquik detected E. 
coli in only 34 tubes from the same samples. There were no significant differences in 
detection of E. coli with Coliquik using monochloramine-exposed natural populations 
of E. coli. They found that all methods were capable of detecting one colony forming 
unit (CFU)/100 mL of E. coli. Additional work by Edberg, et al., (1990) further 
confirmed that the Colilert system was equally sensitive to Standard Methods 
multiple tube fermentation methods (using double-strength lactose tryptose broth and 
brilliant green bile lactose broth) for the enumeration of total coliforms and E. coli 
from surface water. 
The Millipore Corp. has developed a medium, Colisure, that has been 
approved by the USEPA to simultaneously detect total coliforms and E. coli in both 
the presence-absence and the multiple-tube fermentation formats with an incubation 
time of 24-28 hours at 35°C. Detection of ~-galactosidase is determined with the 
chromogenic enzyme substrate, chlorophenol red-~-D-galactopyranoside (CRPG). 
Hydrolysis of this compound produces chlorophenol red which changes the medium 
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from yellow to a red or a magenta color which indicates the presence of total 
coliforms. The detection of E. coli is obtained with the fluorogenic substrate MUG 
(Figure 2.3). Performance studies revealed that the overall agreement between 
Colisure medium and the standard verification methods (L TB, BGBLB, and 
EC/MUG) was 98.1 % for total coliforms and 96.7% for E. coli (The Millipore Corp., 
1996). 
(GAL) 
CRPG -+-+-+ Chlorophenol red (red or magenta, total coliforms) 
(GUR) 
MUG -+-+-+ 4-MU (Fluorescence, E. coli) 
Figure 2.3: The Utilization of Substrates in Colisure Medium 
Another medium which simultaneously detects total coliforms and E. coli 
effectively is Fluorocult-LMX (Manafi, 1995). This medium contains a chromogen, 
5-bromo-4-chloro-3-indoyl-~-D-galactopyranoside (X-GAL), and MUG. Hydrolysis 
of X-GAL by total coliforms changes the broth from clear to blue-green and the 
hydrolysis of MUG results in the normal blue fluorescence (Figure 2.4). Preliminary 
studies on the performance of this medium indicated that 98% of the E. coli strains 
hydrolyzed the MUG and produced fluorescence. 
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(GAL) 
X-GAL -+-+-+ liberated aglycone -+-+-+ indigo (blue-green, TC) 
(GUR) 
MUG-+-+-+ 4-MU (fluorescence,E. colt) 
Figure 2.4: Utilization of Substrates in Fluorocult-LMX Medium 
Membrane Filter Technique: 
The membrane filter technique is highly reproducible, can be used to test 
relatively large sample volumes, and always yields numerical results more rapidly 
than the multiple-tube procedure. This technique is extremely useful in monitoring 
drinking water and other natural water sources. However, the membrane filter 
method does have it limitations, particularly when testing waters with high levels of 
turbidity or noncoliform (background) bacteria (Standard Methods, 1995). The 
membrane filter technique involves the passage of 100 mLs of water through 
membrane filters and the subsequent transfer of these filters to liquid or agar based m-
Endo medium, followed by incubation for 24 hours at 3 S°C. Individual coliform 
bacteria are unable to escape entrapment by the membrane filters and subsequently 
grow into a colony directly on the membrane filter pad. (Shirey & Bissonnette, 1991 ). 
All green metallic sheen colonies must be verified as total coliforms with lauryl 
tryptose broth (L TB) and then brilliant green lactose bile broth (BGBLB). LTBs and 
BGBLBs are incubated for 24/48 hours at 35°C. Colonies can be transferred with a 
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sterile needle or applicator stick or the entire plate can be swabbed. Colonies can also 
be transferred to EC/MUG and incubated for 24 hours at 44°C for the verification of 
E. coli, or, following transfer to LTB, the membrane filter can be transferred to 
NA/MUG for a four hour incubation at 35°C (Federal Register, 1992). The total turn-
around time for this current protocol can be up to 72 hours. 
There are advantages and disadvantages to all three of the water testing 
techniques. While the membrane filtration method allows for the direct enumeration 
of the coliforms in the water sample, it has been shown to be less sensitive than the 
other two methods (Jacobs, et al., 1986). The multiple tube fermentation is more 
sensitive, however it is much more laborious than membrane filtration. In the study 
by Jacobs, et al. (1986) based on 1,483 different water samples from 15 small 
community water systems in Vermont and New Hampshire, the presence-absence 
method was shown to be the most sensitive. Each of the methods was evaluated 
using 100 mLs of each drinking water sample. However, more laboratories are 
turning toward the membrane filtration method because of its ease of use and its 
ability to enumerate the number of organisms per unit volume of water sample, even 
though the USEP A only requires that the laboratories indicate whether coliforms are 
present or absent in the tested water. Several media are currently under development 
for the membrane filtration method to increase the speed of detection of coliforms 
while allowing for the differentiation of E. coli from other total coliforms. 
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Simultaneous Detection with Membrane Filtration Media: 
Faced with the problems of the increased cost of drinking water testing under 
the new regulations, and the potential delay in the detection of fecal contaminated 
drinking water with currently used methods, there exists a need to develop a rapid 
membrane filtration medium which will simultaneously detect total coliforms and E. 
coli within 24 hours. 
Currently approved membrane filtration technology for detecting total 
coliforms and E. coli uses m-Endo for the isolation of total coliforms followed by 
verification media (lauryl tryptose broth (L TB) and brilliant green lactose bile broth 
(BGBLB)for total coliforms and EC/MUG or NA/MUG for E. coli). The verification 
media are confirmatory tests for the presence of total coliforms and E. coli, not 
primary isolation tests. The combined procedures (total coliform and E. coli tests) 
can take 48-72 hours. 
Other than the commonly used fluorogen MUG, there are chromogens which 
can be used as substrates for the detection of E. coli in water samples. As previously 
described, the use of EC/MUG can be problematic due to autofluorescence. 
Detection of total coliforms and E. coli with chromogens would alleviate this 
problem. One example is an analogue of X-GAL, 5-bromo-4-chloro-3-indoxyl-P-D-
glucuronide (BCIG). BCIG is hyrolyzed by P-D-glucuronidase and produces a blue 
indigo color (Figure 2.5). This compound was found to be useful for the rapid, 
specific, differential identification of E. coli in the sanitary analysis of shellfish and 
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wastewater (Watkins et al., 1988). A 1 % false negative value and 5% false positive 
results were obtained with this medium. 
Four years later, BCIG was incorporated into a membrane filtration medium 
for the simultaneous detection of total coliforms and E. coli. The medium, 
membrane-Lactose Glucuronide Agar (m-LGA), yields yellow colonies (total 
coliforms) and the characteristic blue E. coli colonies, while other nontarget 
organisms are suppressed (Figure 2.5). Of the E. coli isolated from potable water 
samples, 98.6% were confirmed as positive (Sartory & Howard, 1992). 
(GAL) 
Lactose ➔➔➔ Yellow Chromogen (Total Coliforms) 
(GUR) 
BCIG ➔➔➔ liberated aglycone ➔➔➔ indigo (blue-green,E. coll) 
Figure 2.5: The Utilization of Substrates in m-LGA 
Another analogue of BCIG that has been used is indoxyl-P-D-glucuronide 
(IBDG), a chromogenic substrate in membrane filtration media (Ley et al., 1987). 
IBDG is a D-glucopyranosiduronic acid possessing a readily detectable P-linked 
aglycone. The rapid conversion of the liberated aglycone to indigo by E. coli allows 
for the easily measured presence of this organism when using a membrane filtration 
medium for the examination of raw sewage (Figure 2.6). 
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IBDG has also proved to be of clinical importance. Incorporation of IBDG 
into Maconkey agar, the normal medium used for the primary isolation of bacteria 
from urine samples, allows for the differentiation of E. coli as deep blue colonies 
distinct from lactose and nonlactose fermenters. The sensitivity was 88 to 90%, and 
the specificity was 100% (Delisle & Ley, 1988). 
IBDG was used as one of the primary ingredients in a proposed membrane 
filter media, MI agar, by Brenner et al. (1993). MI agar contained the chromogen 
IBDG to detect E. coli and the previously described fluorogen, MUG-AL, to detect 
the presence of total coliforms (Figure 2.6). Specificity studies performed on MI agar 
were comparable to the standard EPA media when using natural water and spiked 
water samples. The development of this media has followed a certain trend, which is 
the development of a selective and specific membrane filtration medium to analyze 
several types of water samples and one that is less expensive than the liquid 
chromogen and fluorogen media used in the multiple tube fermentation and presence-
absence tests. 
(GAL) 
MUG-AL-+-+-+ 4-MU (Fluorescence, total coliforms) 
(GUR) 
IBDG -+-+-+ liberated aglycone -+-+-+ indigo (blue-green,E. coli) 
Figure 2.6: The Utilization of Substrates in MI Agar 
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The most recent trend in the development of water testing media is to develop 
the simplest and least expensive method without the aid of additional manipulation, 
such as the detection of fluorescense. The main goal is to develop a membrane 
filtration media that allows distinction between the total coliforms and E. coli to be 
made based on color of the colony of the target organism while suppressing the 
growth of nontarget organisms. 
The first such media described was developed by Chang et al. (1994) and it is 
called mX. This medium is based on the ability of total coliforms to produce ~-
galactosidase, the inability of E.coli to ferment the sugars adonitol or cellobiose, and 
the ability of non-E. coli total coliforms to use all of these substrates. On this 
medium, all total coliform colonies have deep blue centers because of the hydrolysis 
ofX-GAL. The E. coli colonies have colorless margins and non-E. coli total coliform 
colonies have yellow margins because of their ability to ferment adonitol and 
cellobiose. Non-coliform colonies are colorless or yellow. Specific studies on the 
performance of this media have not yet been published. 
Another similar type of medium in its preliminary stages of development is 
Coli ID (Orenga et al., 1995). The distinction between total coliforms and E. coli is 
once again based on color of the colonies. Total coliforms produce a blue colony and 
E. coli produce a pink/mauve colony. The performance of this medium has been 
evaluated with pure cultures of microorganisms. Preliminary studies show that of the 
94 strains of E. coli tested, 86% produced the desired pink colonies. However, the 
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results were not as promising for total coliforms. Of the 60 strains of total coliforms 
used for the study, only 58% produced a blue colony when grown on this medium. 
The ingredients of the medium have not yet been released. 
The HACH Company has developed m-Coliblue24 which simultaneously 
detects total coliforms and E. coli in one 24 hour incubation step at 35°C. Non-E. coli 
total coliforms produce red colonies while E. coli produce blue colonies. Preliminary 
studies on the performance of this medium indicated that m-Coliblue24 had a 98.8% 
agreement with the reference method (NA/MUG) for the detection of E. coli. The 
overall agreement between m-Coliblue24 and the reference method (m-Endo) for the 
detection of total coliforms was 86.2% (Grant, 1995). 
Chlorine Analysis for Water and Wastewater: 
Chlorination of public water supplies has been practiced for almost 100 years 
in the United States. The chlorination of source water utilized by water treatment 
plants serves primarily to destroy or deactivate disease-causing microorganisms. A 
secondary benefit, particularly in treating drinking water, is the overall improvement 
in water quality resulting from the reaction of chlorine with ammonia, iron, 
manganese, sulfide, and some organic substances (Standard Methods, 1995). 
Chlorine is usually added to water in either its gaseous form or as sodium 
hypochlorite. After addition, chlorine will undergo hydrolysis to form free chlorine 
consisting of aqueous molecular chlorine, hypochlorous acid, and hypochlorite ion. 
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The two chemical species formed by chlorine in water, hypochlorous acid (HOC!) 
and hypochlorite ion (OCJ"), are commonly referred to as "free available" chlorine. 
Hypochlorous acid is a weak acid and will disassociate to both hydrogen ion and 
hypochlorite ion. Free available chlorine is the form that is germicidal to the bacteria. 
In waters with pH between 6.5-8.5, the reaction is incomplete and both species (HOC! 
and OCJ") will be present (Figure 2.7). Hypochlorous acid is the more germicidal of 
the two species (Harp, 1995). 
CI1 + H1O ➔ HOCI + Ir + CJ" 
NaOCI + H1O ➔ Na++ HOCI + OH· 
HOCI B Ir+ OCJ" 
Figure 2.7: Action of Chlorine in Water 
A common analytical method for the detection of chlorine and chlorarnines is 
the DPD (N, N-diethyl-p-phenylenediamine) Colorimetric method. This method was 
first introduced by the HACH Company in 1973 and, over the years, it has become 
one of the most widely used methods for determining free chlorine and total chlorine 
levels in drinking water and wastewater. The chemical basis for the DPD method is 
shown in Figure 2.8. The DPD amine is oxidized by chlorine to two oxidation 
products. At a near neutral pH, the primary oxidation product is a semi-quinoid 
cationic compound known as a Wurster dye. This stable free radical species accounts 
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for the magenta color in the DPD colorimetric test. DPD can be further oxidized to a 
relatively unstable, colorless imine compound. The DPD Wurster dye color has been 
measured spectrophotometrically at wavelengths ranging from 490 to 555 nanometers 
(nm). The HACH Company has selected 530 nm as the measuring wavelength for 
most of its DPD systems. Monochloramines and dichloramines are slow to react 
directly with DPD at a near neutral pH. In order to quantitate these species, the test is 
performed under slightly acidic conditions in the presence of iodide ion (Harp, 1995). 
The DPD method can be used to measure the level of total chlorine, free 
chlorine, and monochloramines. Total chlorine is the level of free chlorine in 
addition to the level of combined chlorine which exists as monochlorarnines and 
dichloramines (HACH, 1992). Bacteria interact with free chlorine to generate the 
combined forms of chlorine. In the disinfection process, the levels of free chlorine 
decrease as the bacteria take it up while monochloramine levels rise. The level of 
total chlorines remain constant. 
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0 Cl2 0 0 • + 
N+ N+ N+ 
_.. I .._ ,.. ...... ,.. ..... 
El H El Et Et El Et 
AMINE WURSTER DYE IMINE 
(colorless) (colored) {colorless) 
Figure 2.8: DPD-Chlorine Reaction Products 
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CHAPTER ID 
MATERIALS AND METHODS 
The Protocol for Alternative Test Procedures for Coliform Bacteria in 
Compliance with Drinking Water Regulations: Presence I Absence Membrane Filter 
Methods for Finished Waters (USEPA, 1995) was employed in performing this 
comparability study. 
Sample Collection: 
Non-chlorinated settled primary sewage eflluent samples were collected each 
week to perform this study (one each from California, Colorado, Iowa, Kentucky, 
New Jersey, Vermont, Mississippi, Idaho, South Carolina, and Oregon; Table 3.1). 
The water had a low turbidity due to settling of solids and it had not received any 
germicidal treatment. Samples were collected in sterile 10 Liter Nalgene containers 
(Fisher Scientific; Pittsburgh, PA) and were shipped in ice within insulated carriers 
(Fisher Scientific; Pittsburgh, PA). Once received by the laboratory, samples were 
maintained at 4°C in order to maintain a constant number of organisms. 
Determination of Pre-counts for Bacteria: 
Within 24 hours of receiving the sample, the approximate number of bacteria 
per unit volume of the water was determined by performing filtrations using 1.0, 0.1, 
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and 0.01 dilutions. After the sample was brought to room temperature, a portion of 
the sample was filtered through Whatman #40 paper (Fisher Scientific; Pittsburgh, 
PA) to remove any large debris. The temperature and pH of the filtered sample was 
then recorded with the HACH One pH Meter (HACH Co.; Loveland, CO). A 1:100 
and a 1: 10,000 dilution of the wastewater sample was made in a phosphate (PO
4
) 
buffered dilution water. The PO4 buffered water was made by adding fixed amounts 
of magnesium chloride and potassium dihydrogen phosphate (HACH Co.; Loveland, 
CO) to sterile distilled water. Aliquots of 1.0, 0.1, and 0.01 mL of each of the 
dilutions were filtered through 0.45-µm-pore size cellulose ester membrane filters. 
(Gelman; Fischer Scientific; Pittsburgh, PA). 
Site • I''(, .Waste Plant Daily 
Characteristics 




St. Albans, VT 
Oregon City, OR 
Starkville, MS 
Redlands, CA 
Mt. Pleasant, SC 
Boise, ID 
Concord, NH 
Grand Junction, CO 
* -% Domestic Waste/% lndustnal Waste 
** -MGS - Maximum gallons of sewage 
*** -MGD - Million gallons daily 
. -
100 I 0 
95 / 5 
90 / 10 
95 / 5 
80 / 20 
98 I 2 
100 / 0 
90 / 10 
95 I 5 
90 I 10 
Capacity Average Flow 











Table 3.1: Wastewater Treatment Plants Used For Comparability Study 
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For each aliquot, three different types of media were used. They were m-Endo 
Les agar (Difeo; Detroit, MI) for the detection of total coliforms, mFC broth (Difeo; 
Detroit, MI) for the detection of fecal coliforms, and the proposed m-Coliblue24 
(HACH Co.; Loveland, CO) for the simultaneous detection of both total coliforms 
and E. coli bacteria. The membrane filtration funnels (Millipore; Bedford, Mass) 
were autoclaved in an Amsco sterilizer (American Sterilizer Co.; Pittsburgh, PA) at 
121°C, 15 psi, for 15 min. prior to each experiment and were exposed to a germicidal 
UV lamp (Millipore; Bedford, Mass) between each of the filtrations (A, 254 nm). The 
minimum length of exposure time to the UV light was two minutes. After filtration, 
the funnels were rinsed with sterile PO4 buffered dilution water and the filters were 
transferred to the appropriate media with sterile forceps. The m-Endo and m-
Coliblue24 plates were incubated for 24 hours at 35°C in a Fisher Isotemp Incubator 
300 Series (Fisher Scientific; Pittsburgh, PA) and the mFC plates were incubated for 
24 hours at 44°C (Scott; Remel Laboratories; Lenexa, KA). 
Colonies that grew on them-Endo were examined for the green metallic sheen 
appearance, indicative of total coliforms, and counted. m-Endo filters were placed on 
NA/MUG plates for 4 hrs. at 35°C and observed for fluorescing E. coli colonies with 
a UVP Model UVL-56 Long Wave (A.=366 nm) UV lamp (Millipore; Bedford, Mass). 
Blue colonies were counted on the mFC plates and both blue (E. coli) and red 
colonies (non-E. coli total coliforms) were counted on m-Coliblue24. The number of 
blue colonies on mFC was recorded as the number of fecal coliforms. The 
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summation of red and blue colonies on m-Coliblue24 were recorded as the number of 
total coliforms and the number of blue colonies were recorded as the number of E. 
coli. Any uncharacteristic colonies observed on any of the plates were ignored. 
Chlorination: 
The results from the pre-counts were used to determine the required dilution in 
order to yield 105 CFU/100 mLs of total coliforms and 104 CFU/100 mLs of E. coli. 
Once the appropiate dilution was determined, wastewater was added to P04 buffered 
water to obtain four 2500 mL aliquots. With constant stirring, a fixed amount of a 
I :20 dilution of 5% sodium hypochlorous acid was added to each of the dilutions to 
obtain a total chlorine reading of 2.0-2.5 mg/L and a free chlorine value of 0.5-1.0 
mg/1. The wastewater was not added until after the addition of the chlorine. For 
example, if a I: IO dilution of the wastewater was required, then the sodium 
hypochlorous acid was added to 2250 mL of oxidant-free water until the proper total 
chlorine level was obtained. Then 250 mL of wastewater was added to the 
chlorinated water which produced the proper I: IO dilution. Each aliquot was assigned 
a chlorination time (5, 10, 15, 20 min). The approximate ratio required to produce 
these chlorine readings was 1.5 mL sodium hypochlorite per 2500 mL of spiked 
water. The initial total and free chlorine levels were obtained one minute after the 
addition of the chlorine with the HACH DR3000 spectrophotometer using HACH 
free and total accuvac ampuls (HACH Co.; Loveland, CO). Initial monochloramine 
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levels were obtained one minute after the addition of the chlorine with the HACH 
DR700 colorimeter and a HACH monochloramine accuvac ampul (HACH Co.; 
Loveland, CO). Total chlorine, free chlorine, and monochloramine values were also 
obtained at the midpoint and endpoint for each of the chlorination contact times. In 
order to obtain the chlorine readings, 50 mL of water was withdrawn and mixed with 
50 mL of oxidant-free water. This mixture was drawn into the appropriate HACH 
accuvac ampul and placed in the spectrophotometer and the chlorine value was 
recorded. At the endpoint of each of the contact times, the chlorine action was 
stopped by using 10% sodium thiosulfate (0.SmL/L). 
To determine total coliform and E. coli counts for each of the contact times, 
100 mLs of water from each time interval was filtered and the filters were placed on 
m-Endo, mFC, and MCB24, then incubated at the appropriate temperatures for 24 
hours. All m-Endo filters were transferred to NA/MUG for 4 hrs. at 35°C to 
differentiate E. coli from total coliforms. The dilution which had the contact time that 
yielded a 3-4 log reduction in the number of total coliforms and E. coli was selected 
for the comparability study. 
Dilution Preparation: 
Dilution 'A' was prepared by diluting the chosen chlorination sample to yield 
102 CFU/100 mL. This was followed by three subsequent 1:10 dilutions (B, C, D) of 
'A' that allowed for negative E. coli and total coliforms on the test medium (m-
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Coliblue24) and standard methods medium (m-Endo Les) in at least 25% of the plates 
in one of the dilutions. For each dilution (A, B, C, D), twenty 100 mL membrane 
filtrations were performed form-Endo Les agar and twenty 100 mL filtrations for m-
Coliblue24. All plates were incubated at 35°C for 24 hours. The number of 
characteristic target colonies was determined for each of the media (Figure 3.1). 
PREPARATION 




Determined Density of Target Organism 
,0. 




Chlorinated Sample to Stress Target Organism 
,0. 
Dechlorinated Sample at Different Exposure Times 
,0. 
Performed Counts on Each of the Exposure Times 
,0. 
Selected Time that Resulted in a 3-4 log Reduction in Number of Organisms 
,0. 
Made a Series of Four to Five 1: 10 Dilutions with this Sample 
,0. 
Conducted Comparability Study Analyses 
Figure 3.1: Summary Outline of Protocol 
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Verification By Swabbing Plates: 
For verification of total coliforms, the dilution that yielded between 25% and 
75% negative plates, for either m-Endo Les and m-Coliblue24 was selected. This 
same rule applied for the verification of E. coli. E. coli generally had to be verified 
from a different dilution than the total coliforms because there was a disappearance of 
blue E. coli colonies on m-Coliblue24 by the time the total coliforms were 25-75% 
negative. Typically, the number of E. coli that existed in sewage is 1-2 logs less than 
total coliforms observed. 
For verification of the green metallic sheen total coliform colonies on m-Endo 
and blue and red total coliform colonies on m-Coliblue24, 10 lauryl tryptose broths 
(L TB; Difeo; Detroit, MI) were inoculated using a sterile swab. LTBs were incubated 
for 48 hours at 35 °C and observed for gas production in the broths at both 24 and 48 
hours. After 24 and 48 hours of incubation, all L TBs with gas production were 
inoculated into Brilliant Green Bile Lactose Broth (BGBLB; Difeo; Detroit, MI) and 
EC media with MUG (EC/MUG; Difeo; Detroit, MI). The BGBLB and EC/MUG 
were inoculated by transferring a loopful of the L TB into each of the media with a 
sterile plastic inoculating loop (HACH Co.; Loveland, CO). The BGBLB were 
incubated for 48 hours at 35 °C and examined for gas production at both 24 and 48 
hours. EC/MUG were incubated for 24 hours at 44.5 °C in a Fisher Isotemp 
Immersion Circulator Model 7300 water bath (Fisher Scientific; Pittsburgh, PA) and 
examined for fluorescense with the UV lamp. 
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Verification of Picked Colonies: 
In order to determine false-positive percentages for the Standard Methods m-
Endo Les media and the proposed m-Coliblue24, individual colonies were picked 
from the previously described selected dilution. For each sample, ten green metallic 
sheen colonies on m-Endo, ten red colonies on m-Coliblue24, and ten blue colonies 
on m-Coliblue24 were picked for verification. Colonies were picked from each of the 
media with a sterile inoculating loop and transferred to the verification media (L TB, 
BGBLB, and EC/MUG). 
API 20E Identification of Uncharacteristic Colonies: 
Any picked colonies that were presumed total coliform positive but did not 
produce gas in L TB and/or BGBLB were identified with the API20E system 
(bioMerieux Vitek, Inc.; Hazelwood, MO). Also, any presumed E. coli isolates (blue 
colonies on m-Coliblue24) which did not fluoresce in EC/MUG were identified with 
the API20E system. The API20E system identifies the bacteria based on their 
biochemical characteristics. 
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Mean Verification Rates: 
CHAPTERIV 
RESULTS 
Table 4.1 shows the verification rates of total coliform bacteria for both m-
Endo and m-Coliblue24. The proposed media m-Coliblue24 detected total coliform 
colonies as well as m-Endo yielding mean verification rates of 94% and 93%, 
respectively. These percentages were based on the verification of total coliforms 
from the selected dilution that yielded at least 25%, but no more than 75%, negative 
total coliform plates. A two-sample T-test of these results revealed that there was no 
statistically significant difference in the detection rates between the proposed and the 
standard membrane filtration media. 
Table 4.2 shows the verification rates of the two membrane filtration media 
for the recovery of E. coli. During the process of determining the presence of E. coli, 
verification rates for detection of total coliforms were once again obtained. With the 
dilution that contained at least 25%, but no more than 75%, negative E. coli plates, 
both m-Endo and m-Coliblue24 produced total coliform mean verification rates of 
98%. Furthermore, the mean verification rates for the detection of E. coli was 84% 
form-Endo and 76% for m-Coliblue24. A two-sample T-test on both of these results 
indicated that there was no statistically significant difference in the verification rates. 
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Site ''rt '.,> • ;, ··• . m.::e.nao i ';~: . m•Coliblue24 · 
1. Kentucky 70% 80 % 
2. Iowa 90% 90 % 
3. Vermont 100 % 100 % 
4. Oregon 100 % 100 % 
5. Mississippi 70 % 80% 
6. California 100 % 100 % 
7. S. Carolina 100 % 100 % 
8. New Hampshire 100 % 100 % 
9. Idaho 100 % 100 % 
10. Colorado 100 % 90 % 
Mean Verification Rates 93% 94% 
Two-sample T-test: T= -0.21, p=0.84 
Table 4.1: Comparison Between m-Endo Les Agar and m-Coliblue24 for 
Verified Recoveries of Total Coliforms 
Total Coliforms E coli 
[Site <,· < •• ·1 lm~Encfo Les I fmsOqliblue24 I [m;Efj'qo Les I !m-.C.i51ib/Ue24 
1. Kentucky 90% 100 % 70 % 80% 
2. Iowa 100 % 100 % 100 % 90% 
3. Vermont 100 % 100 % 90 % 40% 
4. Oregon 100 % 100 % 80 % 70 % 
5. Mississippi 100 % 100 % 80% 100 % 
6. California 100 % 100 % 100 % 90 % 
7. S. Carolina 90 % 90% 80% 40% 
8. Idaho 100 % 100 % 70% 70 % 
9. N. Hampshire 100 % 100 % 90% 100 % 
10. Colorado 100 % 90% 80% 80% 
Mean Verification 98% 98% 84% 76% 
Rates 
Two-sample T-test T=0.00, p=1.0 T=1.04, p=0.32 
Table 4.2: Comparison Between m-Endo Les Agar and m-Coliblue24 for 
Verified Recoveries of Total Coliforms and E. coli 
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I 
Mean Recovery Rates: 
The sensitivity of the proposed membrane filtration medium compared to the 
standard medium was obtained by comparing the numbers of total coliform colonies 
counted on both media in the initial sampling of the filtered wastewater. These 
counts were used to obtain a recovery ratio by dividing them-Endo counts into them-
Coliblue24 counts. A ratio of greater than one would indicate that m-Coliblue24 
detected more organsims from a specific sample than m-Endo. 
M-Coliblue24 detected a higher number of total coliforms before the 
chlorination study was conducted resulting in a mean recovery ratio of 1.35 
(Table 4.3). However, m-Endo detected more total coliforms following the 
chlorination with a mean ratio of 0.87 (Table 4.4). Statistical analysis of these 
data indicated no significant difference in the recovery of total coliforms between m-
Endo and m-Coliblue24. 
The sensitivity of m-Coliblue24 for the detection of E. coli was compared to 
the fecal coliform medium, mFC, and the approved E. coli isolation media, 
NA/MUG. Recovery ratios were once again obtained for counts before and after 
chlorination in the same manner as for total coliforms. Recovery ratios indicated that 
m-Coliblue24 detection rates were higher for E. coli before chlorination than mFC 
(1.27) and NA/MUG (1.11; Table 4.5). However, NA/MUG medium detection rates 
were higher for E. coli following chlorination with a ratio of 0.75. In comparison, 
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No. of Total Coliforms I 100 ml Recovery Ratio 
Site m-Co/iblue24 m-Endo .• m"Coliblae24/m-Enao · 
1. Kentucky 2.4x106 3.1 X 106 0.77 
2. Iowa 1.3 X 105 1.7 X 105 0.59 
3. Vermont 3.2 X 106 2.0x106 1.6 
4. Oregon 1.5 X 108 2.8 X 108 0.54 
5. Mississippi 6.0x105 1.2 X 105 5.0 
6. California 2.8 X 106 3.8 X 106 0.73 
7. S. Carolina 1.5 X 107 6.0 X 106 2.5 
8. Idaho 5.2x106 6.1 X 107 0.052 
9. N. Hampshire 1.5 X 106 2.0x106 0.75 
10. Colorado 1.0 X 107 1.0x107 1.0 
Mean Recovery Ratio 1.35 
Two-Sample T-Test T= -0.57, p=0.58 
Table 4.3: Comparison of Total Coliform Recoveries on m-Endo Agar and 
m-Coliblue24 Prior to Stressing by Chlorination 
No. of Total Co/iforms I 100 ml Recovery Ratio 
• S.ite . ' . J ··. riJ°Co/ibJue_24 ,. m_-Endo ; ·· ... fiJ.-Colib/ue24/rn-Endo . 
1. Kentucky 8.2x102 9.6 X 102 0.85 
2. Iowa 9.5 X 101 9.4 X 101 1.0 
3. Vermont 5.1 X 103 1.2 X 103 4.3 
4. Oregon 1.5 X 102 1.2 X 103 0.13 
5. Mississippi 3.3 X 101 3.5 X 101 0.94 
6. California 6.4 X 102 1.0x103 0.64 
7. S. Carolina 6.5 X 102 1.0x103 0.65 
8. Idaho 1.2 X 102 7.0 X 102 0.17 
9. N. Hampshire 2.0 X 101 2.0 X 102 0.10 
10. Colorado 1.8 X 101 6.0x102 0.030 
Mean Recovery Ratio 0.87 
Two-Sample T-test T=0.13, p=0.90 
Table 4.4: Comparison of Total Coliform Recoveries on m-Endo Agar and 
m-Coliblue24 After Stressing by Chlorination 
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m-Coliblue24 detection rates were higher than mFC in the post-chlorination counts 
with a ratio of 1.23 (Table 4.6). 
No of E coli/ 100 mL Recovery Ratios 
Site ... MCB24 mFC NA/MUG ' ; MCB24/ri1FC . ..•. .MCB24/NA-MUG 
' 
1. Kentucky 5.0 X 105 6.0x 105 8.0 X 105 0.83 
2. Iowa 4.9 X 104 6.5 X 104 7.0 X 104 0.75 
3. Vermont 2.0 X 105 3.7 X 105 4.0 X 105 0.54 
4. Oregon 1.5x107 4.2 X 107 4.4 X 107 0.34 
5. Mississippi 6.0 X 104 7.0 X 104 8.0 X 104 0.85 
6. California 5.5 X 106 1.ox10• 2.1 X 106 5.5 
7. S. Carolina 6.0 X 105 5.0 X 105 4.3 X 105 1.2 
8. Idaho 1.2x106 1.ox10• 1.ox10• 1.2 
9. N. Hampshire 2.0 X 105 4.0 X 105 5.0 X 105 0.40 
10. Colorado 2.5 X 106 2.4 X 106 2.2 X 106 1.1 
Mean Recovery 1.27 
Ratios 
Two-Sample m-Coliblue24 VS. mFC T= -0.51 p= 0.62 
T-test m-Coliblue24 vs. NNMUG T= -0.56 p= 0.58 
Table 4.5: Comparison of E. Coli Recoveries on Three Media Prior to 













No of E coli 1100 ml Recovery Ratios 
_Site MCB24 mFC . fiJAIMUG : . MCB24/mFC M(;B24/NA-MUG 
1. Kentucky 3.1 X 101 3.2 X 101 5.4 X 101 0.97 0.57 
2. Iowa 7.6 X 101 1.7x101 3.0 X 101 4.5 2.5 
3. Vermont 9.0 X 10° 1.4x101 1.6x101 0.64 0.56 
4. Oregon 0 1.8x101 2.0 X 101 0.0 0.0 
5. Mississippi 0 5.0 X 10° 0 0.0 0.0 
6. California 5.0 X 101 3.6 X 101 3.8 X 101 1.4 1.3 
7. S. Carolina 3.0 X 10° 7.2 X 101 6.0 X 101 0.040 0.050 
8. Idaho 8.0 X 10° 5.3 X 101 3.1 X 101 0.15 
9. N. Hampshire 8.0x 10° 3.0 X 10° 1.1x101 2.7 
10. Colorado 6.0 X 10° 3.0 X 10° 4.0 X 10° 2.0 
Mean Recovery 1.23 
Ratios 
m-Coliblue24 vs. mFC T= -0.57 p=0.58 
Two-Sample T- m-Coliblue24 vs. NA/MUG T=-0.71 p=0.49 
test 
Table 4.6: Comparison of E. Coli Recoveries on Three Media 
After Stressing by Chlorination 
False-Positive Error: 
False-positive errors for both m-Endo and m-Coliblue were obtained for the 
picked colony verifications. For each of the wastewater samples, ten colonies were 
selected from m-Endo and 10 blue and 10 red colonies were selected from m-
Coliblue24 for the determination of their identification. A I% false positive error was 
obtained form-Endo and a 6% false-positive error was obtained for m-Coliblue24 for 
total coliforms. However, after correction for anaerogenic strains of total coliforms 
by identification with the Analytab Products Inc. 20E biochemical tests for the 
identification of gram negative bacteria (API20E system), the false-positive error for 






picked red colonies on m-Coliblue24 that did not produce gas in either L TB or 
BGBLB were determined to be Citrobacter freundii, a classic total coliform, by the 
API20E system. M-Coliblue24 was able to recover these stressed organisms even 
though they lost the ability to ferment lactose and thus, were not detected by the total 
coliform verification media. The false positive error for E. coli could only be 
determined for the blue colonies on m-Coliblue24 which was 17%. This value 
decreased to 11 % after all blue colonies that did not fluoresce in EC/MUG were later 
identified with API20E (Table 4.7). 
' m-l=nag msCbliblue(red) m-Cbliblue(blue) 
Site Initial Positives • True 7:otal True Total True 
for the three 'Coliform Co/iferm E; coli ., _::.;, . gr({pps P9s.fti'{es .. · Positive ka~it~VJJ ... 
1. Kentucky 10 10 9 
2. Iowa 10 10 9 
3. Vermont 10 10 9 
4. Oregon 10 10 10 
5. Mississipi 10 10 10 
6. California 10 10 10 
7. S. Carolina 10 9 9 
8. Idaho 10 10 10 
9. N. Hampshire 10 10 10 
10. Colorado 10 10 8 
False-Positive Error 1% 6% 
FPE after 1% 2% 
correction* ... .. • - All m1tial total cohforms that were gas negallve lauryl tryptose broth and bnlhant green bile lactose broth 
were identified with the APl20E system. 
• - All initial E. coli isolates that were EC/MUG negative (no fluoresence) were identified with the AP120E. 
















The proposed membrane filtration medium m-Coliblue24 compared favorably 
to the standard methods medium for the isolation and verification of total coliforms 
and E. coli from a set of ten geographically diverse settled primary sewage samples. 
In the presence-absence format, m-Coliblue24 fared better than m-Endo for 
verification of total co!iforms. M-Coliblue24 performed nearly as well as m-Endo for 
the verification of E. coli and there was no statistically significant difference in any of 
the verification or recovery rates between these two media. 
The advantage of using m-Coliblue24 over m-Endo is that the presence of E. 
coli could be determined after one 24 hour incubation time. The current Total 
Coliform Rule (Federal Register, 1989) requires that presumptive total coliform 
isolates on m-Endo must be verified as total coliforms and E. coli. This requires the 
use of additional verification media, multiple incubation times, temperatures and 
additional manipulation. The use of m-Coliblue24 would eliminate the additional 
time required to conduct positive sample verifications thus preventing the delay in 
reporting the results as much as 48-72 hours. Therefore, m-Coliblue24 will provide 
for more rapid and efficient means of testing potentially fecal contaminated water. 
HACH Co. has incorporated chromogenic substrates into this medium rather 
than fluorogenic substrates. Therefore, the utilization of m-Coliblue24 would not 
require the use of a UV lamp. The differentiation between total coliforms and E. coli 
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on m-Coliblue24 still lies in their enzyme activities. Total coliform colonies appear 
red and E. coli appear blue on m-Coliblue24. A major problem with the use of media 
that incorporate the fluorogenic substrate MUG into their ingredients is 
autofluorescence of the medium and/or the test tubes containing the medium. The 
standard tube medium for the verification of E. coli from total coliform isolates is EC 
medium with MUG (EC/MUG). The detection limit of this medium has been shown 
to be one microorganism per l 00 mL. However, the incidence of autofluorescence 
has been shown to lead to the reporting of false positives when using EC/MUG 
(USEPA, 1991). In this comparability study, 6% of the presumptive E. coli isolates 
on m-Coliblue24 (blue colonies) failed to produce fluorescence when inoculated into 
EC/MUG. Another disadvantage of EC/MUG is that it requires an incubation time of 
24 hours at 44 °c, thus requiring an additional incubator for the laboratory. 
The standard membrane filtration medium for the verification of E. coli from 
presumptive total coliform isolates on m-Endo is Nutrient Agar supplemented with 
MUG (NA/MUG). In a study by Shadix and Rice (1993), NA/MUG detected 96.6% 
of E. coli isolated from various water sources, which included lakes, rivers, creeks, 
lagoons, and sewage effluents. NA/MUG detected 91.8% of E. coli in the pure 
culture study. However, the use of NA/MUG is more troublesome than m-
Coliblue24. Shadix and Rice pointed out that it is important that air bubbles are not 
trapped underneath the membrane filters when transferring the filter from the m-Endo 
plate to the NA/MUG plate. If the membrane filter is not in direct contact with the 
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medium, then E. coli would not be able to hydrolyze the MUG and produce a positive 
result. They also found that 3.3% of the environmental E. coli strains were slow 
MUG producers and required overnight incubation for fluorescence to appear. The 
four hour incubation time required for NA/MUG makes it difficult for analysts to 
process a large number of samples within one work day. No additional incubation 
time would be needed with m-Coliblue24. 
Although the protocol used for this comparability study was not intended to 
provide quantitative evaluation of the new medium, a preliminary comparison of E. 
coli on m-Coliblue24, mFC, and NA/MUG was possible. M-Coliblue24 performed 
superior to mFC for recovery of E. coli both prior to and following chlorine treatment 
of the wastewater. M-Coliblue24 also performed better than NA/MUG for recovery 
of E. coli before chlorination. There was no statistically significant difference in the 
E. coli recovery rates between any of the media before or after treatment with 
chlorine. The detection of E. coli colonies was simplified when compared to 
NA/MUG, the current USEPA approved medium. It was not necessary to transfer 
filters from one medium to another or use additional incubation times and 
temperatures. The use of a UV lamp was not required, as is the case for the current 
protocol. 
For the verification of picked blue colonies (presumptive E. coli) from m-
Coliblue24, the false-positive error (FPE) was only 11 %. A medium developed by 
Brenner et al. (1993) reported a FPE of 4.3%. Brenner et al. reported that E. coli 
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colonies were clearly visible on their medium when total coliform colonies were too 
numerous to count (TNTC). This was also true for m-Coliblue24. On plates that had 
confluent growth of red total coliform colonies, blue E. coli colonies were clearly 
visible among the red colonies. Orenga et al. (1995) reported that 2 of 60 non-E. coli 
coliforms gave typical E. coli reactions on their ColiID medium for a FPE of 3.3%. 
Orenga et al. also reported that 58 of 83 gram negative non-coliforms produced 
colorless colonies on their medium. From these results, it can be assumed that this 
medium has a high incidence of background growth. M-Coliblue24 eliminated the 
growth of these non-target organisms. Rarely were colorless colonies observed on m-
Coliblue24 (Table 5.1 ). 
Recovery of total coliforms on m-Coliblue24 was compared tom-Endo. The 
verification rates for both media were nearly identical utilizing the presence-absence 
format. There was no significant difference in the recovery of total coliforms 
between the two media before or after treatment of the wastewater with chlorine. The 
FPE following correction for anaerogenic total coliforms was also very similar. M-
Endo had a FPE of 1 % and m-Coliblue24 had an error of2% (Table 5.1). 
These values were lower than false-positive values obtained with other 
membrane filtration media. Cenci et al. (1993) obtained a FPE of 11. 7% with m-
Endo and 25.1 % using MaConkey agar supplemented with MUG-AL. LeChavallier 
et al. (1983) reported a FPE of 12.5% with their m-T7. Evans et al. (1981) found that 
the FPE for m-Endo was 14.9%. Sartory and Howard (1992) reported a FPE of 
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31.2% with their membrane-lactose glucuronide agar (m-LGA). In the same study, 
Sartory and Howard cited a FPE of29.4% with their total coliform/E. coli membrane 
filtration broth medium, membrane lauryl sulfate broth (m-LSB). Furthermore, 
Brenner et al. (1993) reported that 15.4% of total coliform target colonies were 
Serratia spp. and Hafnia alvei (non-coliforms). Additionally, the average total 
coliform verification rate on Brenner's MI medium was 77.6%. M-Coliblue24 had a 
mean verification rate of 94% for total coliforms. 
M-Coliblue24 had a lower FPE than Fluorocult-LMX broth, developed by 
Manafi (1995), which operates in the presence-absence format. Manafi examined 771 
cultures of coliforms and non-coliforms to test this medium. Several species that are 
not listed as classic total coliforms produced a positive reaction for ~-galactosidase. 
Examples included: 31 of 34 Serratia spp. isolates, 14 of 22 Hafnia alvei isolates, 9 
of 9 Aeromonas spp. isolates, and 18 of 47 Yersinia enterocolitica isolates. Another 
medium which has been recently developed to simultaneously detect total coliforms 
and E. coli in a presence-absence format is Colisure (Millipore Corp., Bedford, 
Mass). Performance studies on Colisure revealed that it had a FPE of 3.5% for total 
coliforms (Millipore, 1996; Table 5.1). 
M-Coliblue24, with its 2% FPE for total coliforms, also fared better than 
several media which operate in the multiple-tube fermentation format. A FPE of 
5.4% was obtained by Evans et al. (1981) using standard lauryl tryptose broth. 
Edberg et al. (1988) obtained a FPE of 16% with the Standard Methods multiple-tube 
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fermentation technique (using double strength lauryl tryptose broth). Edberg et al. 
obtained a FPE of 20% with the Autoanalysis Colilert System in the same study. 
Olson et al. (1989) obtained a FPE of 5.7% when they analyzed the Colilert System. 
A subsequent study by Edberg et al. (1990) comparing Colilert with the Standard 
Methods multiple-tube fermentation method (using double strength lactose broth) 
produced a FPE of 19% for the Standard Methods technique and 11 % for Colilert. A 
FPE of27% for Colilert was obtained by Covert et al. (1990). 
Several studies {Covert et al. (1989), Brenner et al. (1993), and Manafi 
(1995)} have reported that Serratia spp., Hafnia alvei, Vibrio jluvialis, and 
Aeromonas spp. are associated with high false-positive error with media that they 
evaluated. These four groups ofnon-coliforms accounted for 25% of the presumptive 
total coliform isolates after 24 hours of incubation and 40.8% of isolates after 28 
hours in Covert et al.'s (1989) study. These organisms also constituted the main 
source of false-positive error in Manafi' s work (! 995). Because these organisms can 
cause disease and share physiological characteristics with the four classic coliforms 
(Klebsiella, Citrobacter, !jnterobacter, and Escherichia), it has been suggested that 
they be classified as total coliforms. For example, Lupo et al. ( 197 6) discovered that 
the lactose fermenting Aeromonads caused a false estimate of coliform density in 
water samples obtained in New York and Rhode Island. They reported that the 
presence of Aeromonads resulted in coliform density overestimates which ranged 
from 2 to 33 times their true value. 
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.... ,, " m-Endo .. M14/tar ·co/i!D 
1 
.' •Co/ilert m:...-,,, 
Coliblue24 ,,. 
Verifjciltion-Media - , No Yes No No No 











NA • Not Applicable 
No Yes Yes No Yes 
24 hrs 48-72 hrs 24 hrs 24 hrs 24-28 hrs 
No Yes Yes Yes NA 
Yes Yes Yes Yes No 
2% 1% 15.4% 19% 20% 
1!% NA 4.3% 3.3% NA 
Table 5.1: Comparison of Various Media Designed 









The development of a membrane filtration medium that simultaneously 
detects total coliforms and E. coli is at the forefront of research. M-Coliblue24, in 
providing this type of rapid testing, has proved to perform as well as or better than 
media currently approved by the USEPA for the analysis of drinking water. M-
Coliblue24 allows for the distinction of total coliforms and E. coli without the need 
for further verification media and fluorescent determination. This eliminates the need 
for multiple incubation times, temperatures and additional equipment. The need for 
the rapid determination of focally contaminated drinking water is of the utmost 
importance and m-Coliblue24 has proven that it can effectively meet this requirement. 
Furthermore, m-Coliblue24 can be used as a presence-absence test as well as 
permitting the enumeration of total coliforms and E. coli; thus this medium can be 













M-Coliblue24, if approved by the USEPA, will satisfy the need for a rapid and 
specific alternative for the membrane filtration detection of total coliforms and E. coli 
in water. Statistical analyses revealed that there were no significant differences in the 
verification and recovery rates between m-Coliblue24 and the standard membrane 
filtration medium, m-Endo. M-Coliblue24 also recovered E. coli as well as three 
other E. coli media, EC/MUG, mFC, and NA/MUG. The absence of the substrate 
MUG in m-Coliblue24 will eliminate the ambiguity of interpreting fluorescence. 
This should lower the incidence of the reporting of false-positive and false-negative 
error. M-Coliblue24 also eliminates the need for verification media and an additional 
incubator in the laboratory. Because the protocol used for this study did not provide 
for the level of false-negative error, future studies should be conducted to determine 
the level, if any, of this error. In addition, the observation that exposure to chlorine 
inhibits the ability of some total coliforms to ferment lactose and E. coli to hydrolyze 
MUG also warrants further study. 
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APPENDIX I: CONTENTS OF MEDIA USED IN THE 
PROTOCOL 
Table A.1: Brilliant Green Lactose Bile Broth 





Reagent grade water 




Bile salts mixture 
Dipotassium hydrogen phosphate 
























Dipotassium hydrogen phosphate 
Potassium dihydrogen phosphate 
Sodium chloride 
Sodium lauryl sulfate 
Reagent grade water 






































Dipotassium hydrogen phosphate 
Potassium dihydrogen phosphate 






Table A.6: mFC 
INGREDIENTS 
Tryptose 




Bile salts #3 
Aniline blue 
1 % Rosalie acid 













































Table A.8: Tryptic Soy Agar 
Table A.9: Tryptic Soy Broth 
Dipotassium hydrogen phosphate 
Reagent-grade water 
62 
AMOUNT 
3g 
5g 
15 g 
0.1 g 
1 L 
AMOUNT 
15.0 g 
5.0 g 
5.0 g 
15.0 g 
1 L 
AMOUNT 
17.0 g 
3.0 g 
2.5 g 
5.0 g 
2.5 g 
1 L 
